Identification of chromosome arms influencing expression of the HMW glutenins in wheat.
The high-molecular-weight (HMW) glutenin genes, located on the group 1L chromosome arms, are a major determinant for baking quality in wheat ( Triticum aestivum L.). In addition, the HMW glutenin genes provide a valuable model system for studying the evolution and regulation of orthologous and paralogous genes in polyploid species. The goal of this study was to identify loci that modify the expression of the HMW glutenins, and to map them to specific chromosome arms. Comparisons were made between endosperms with zero versus three (or three versus six) doses for each of the 42 chromosome arms of wheat. SDS-PAGE and scanning densitometry were used to quantify the protein expression levels of the four HMW glutenin genes in cv. Chinese Spring, for each of the dosage comparisons. Fifteen chromosome arms were found to have significant effects on Glu-B1-1, excluding the structural gene dosage effect: eight positive effects on 1AL, 2AS, 2BL, 2DS, 5DS, 6AL, 6DL, and 7AL and seven negative effects on 1BS, 1DS, 1DL, 4DL, 6BS, 6DS, and 7AS. Nineteen chromosome arms had significant effects on Glu-B1-2, excluding the structural gene dosage effect: eight positive effects on 1AL, 2AS, 2BS, 3AL, 4BL, 6DS, 7BL and 7DS and 11 negative effects on 1AS, 1BS, 1DS, 1DL, 2AL, 2BL, 3DS, 4BS, 4DL, 5BL, and 6BS. Twenty chromosome arms had significant effects on Glu-D1-1, excluding the structural gene dosage effect: 11 positive effects on 1AL, 1BL, 2BS, 2DS, 5BS, 5DS, 6AL, 6DS, 6DL, 7AL, and 7BL and nine negative effects on 1AS, 1BS, 1DS, 2BL, 4DL, 5BL, 5DL, 6BL, and 7DS. Twenty-five chromosome arms had significant effects on Glu-D1-2, excluding the structural gene dosage effect: 17 positive effects on 1BL, 2AS, 2BS, 2DS, 2DL, 3AS, 3AL, 3BS, 5AS, 5BS, 5DL, 6AL, 6DL, 7AL, 7BS, 7BL, and 7DL and eight negative effects on 1DS, 4DL, 5AL, 5BL, 6BS, 6BL, 6DS and 7DS. Of the 164 gene-chromosome arm tests performed, about 52% (85/164) showed no significant effects, and 48% (79/164) showed significant effects, excluding the structural gene dosage effects. Of the significant effects, 56% (44/79) were positive effects, and 44% (35/79) were negative effects. Comparisons of dosage effects on orthologous loci (both x-type or both y-type HMW glutenins) showed that orthologous HMW glutenin genes are largely influenced by the same regulatory systems. Less correlation was found for comparisons between paralogous genes, although considerable conservation was observed at this level as well. These observations suggest that after polyploidization, many of the duplicated orthologous regulatory loci were inactivated by mutation, thus consolidating control over the HMW glutenin genes. Possible candidates for orthologous regulatory genes were identified in maize and barley. This study represents the first comprehensive search of the wheat genome for regulators of the HMW glutenins.